Cold-water coral carbonate mounds as unique palaeo-archives: the Plio-Pleistocene Challenger Mound record (NE Atlantic) by Thierens, M. et al.
6833/(0(17$5<0$7(5,$/,17(*5$7('
&+$//(1*(50281'$*(02'(/
6([LVWLQJ8(VWUDWLJUDSKLFDOGDWD
,QSDUDOOHOZLWKWKH/RSKHOLDSHUWXVDFROGZDWHUFRUDOVWURQWLXPLVRWRSHFKURQRORJ\E\.DQRHWDO
*ORELJHULQDEXOORLGHVSODQNWRQLFIRUDPLQLIHUR[\JHQLVRWRSHV6DNDLHWDODQGVHGLPHQW
PDJQHWLFLQFOLQDWLRQUHFRUGV)RXEHUWDQG+HQULHWKDYHEHHQXVHGWRGHYHORSDQDJHPRGHOIRU
WKH+ROH8(&KDOOHQJHU0RXQGVHGLPHQWVHTXHQFH)RXEHUWDQG+HQULHWGH¿QHGDVHULHVRI
PDJQHWRVWUDWLJUDSKLFWLHSRLQWVLQFOXGLQJWKHJHRPDJQHWLFSRODULW\UHYHUVDOVRIWKH%UXQKHV0DWX\DPD
2OGXYDL5pXQLRQDQG*DXVV6XE&KURQVVXJJHVWLQJD/DWH3OHLVWRFHQH0DWR/DWH3OLRFHQH
!0DDJHIRUWKH&KDOOHQJHU0RXQGVHGLPHQWVHTXHQFHVHH)RXEHUWDQG+HQULHWIRUD
GHWDLOHG GLVFXVVLRQ2YHUDOO WKLV VHGLPHQWEDVHGPDJQHWRVWUDWLJUDSKLF DJHPRGHO FRUUHODWHVZHOO
ZLWKWKHFRUDOEDVHG8(VWURQWLXPLVRWRSHFKURQRORJ\FRPSLOHGE\.DQRHWDO7KHODWWHU
SUHVHQWV/SHUWXVDDJHVIURPFD0DWRSWLOO0DPRXQGEDVHH[FOXGLQJHUURUEDUVDQG
LQGLFDWHVWKHSUHVHQFHRIDVLJQL¿FDQWKLDWXVµPRXQGFULVLV¶FD±0DH[FOXGLQJHUURUEDUV
EHWZHHQPHWUHVEHORZVHDÀRRUPEVIDQGPEVI)LJ6+LJKUHVROXWLRQVHGLPHQWRORJLFDO
DQDO\VHVE\7KLHUHQVHWDOUHYHDOWKHSUHVHQFHRIDGLVWLQFWVHGLPHQWRORJLFDOVKLIWDURXQG
PEVIZKLFKVHHPVWRFRQ¿UPWKH.DQRHWDO  µPRXQGFULVLVHYHQW¶ LQ WKHVHGLPHQWUHFRUG ,Q
FRQWUDVWWR)RXEHUWDQG+HQULHWR[\JHQLVRWRSHVWUDWLJUDSKLFZRUNE\6DNDLHWDODUJXHV
IRUDVOLJKWO\\RXQJHU(DUO\3OHLVWRFHQHVHTXHQFHEHORZWKHPRXQGFULVLVXQFRQIRUPLW\FRUUHVSRQGLQJ
WRPDULQHLVRWRSHVWDJH0,6WRFD0D,QWKHLUVFHQDULRDOOXSSHUPRXQGVHGLPHQWV
LHDERYHWKHLQWUDPRXQGXQFRQIRUPLW\VKRXOGEHSODFHGLQWKH0LGGOH3OHLVWRFHQH0,6DQGFD
±0D+RZHYHUWKHWRSPRVW8(VHGLPHQWV±PEVIKDYHQRZEHHQUDGLRFDUERQ
GDWHGWR r FDO\U%37KLHUHQVHWDOLQGLFDWLQJDUHFHQW+RORFHQHDJHIRUWKHWRSRIWKH
PRXQGVHTXHQFH
$W SUHVHQW D FRPSUHKHQVLYH 8( &KDOOHQJHU 0RXQG VHGLPHQW VWUDWLJUDSK\ LV ODFNLQJ
7KHUHIRUHDVZLOOEHGLVFXVVHGLQWKHQH[WVHFWLRQVWKLVVWXG\¿UVWRIDOOLPSURYHVWKHDJHFRQVWUDLQWV
RQ WKH8(PRXQGVHGLPHQWVE\SUHVHQWLQJDVHULHVRIDGGLWLRQDOELRVWUDWLJUDSKLFDJH WLHSRLQWV
6HFWLRQ6ZKLFKDUHWKHQLQFRUSRUDWHGLQDQLQWHJUDWHGDJHPRGHOIRUWKH+ROH8(&KDOOHQJHU
0RXQGVHTXHQFH6HFWLRQ6
68(ELRVWUDWLJUDSK\
$V VXPPDULVHG LQ 7DEOH 6 VHYHUDO FDOFDUHRXV QDQQRIRVVLO DQG SODQNWRQLF IRUDPLQLIHU
ELRVWUDWLJUDSKLFHYHQWVVSDQQLQJWKH+RORFHQH/DWH3OHLVWRFHQHWR/DWH3OLRFHQHDUHLGHQWL¿HGLQWKH
8(PRXQGVHTXHQFH
0RVW&1WR&1(DUO\WR/DWH3OHLVWRFHQH0DQDQQRIRVVLOGDWXPVFIGH.DHQHOHW
DO2NDGDDQG%XUN\5DI¿HWDOFRXOGEHUHFRJQLVHGLQWKHWRSFDPRIWKH
UHFRUG7KHUHVLQJOHVDPSOHVRIWHQFRQWDLQPXOWLSOHELRVWUDWLJUDSKLFGDWXPVHJDWPEVIRU
PEVISRVVLEO\GXHWRDOLPLWHGVDPSOLQJUHVROXWLRQRUWKHSUHVHQFHRIXQFRQIRUPLWLHVLQWKHVHGLPHQWDU\
VHTXHQFHVHHDOVR6HFWLRQ67DEOH6(DUOLHU&1EG(DUO\3OHLVWRFHQHQDQQRIRVVLOELRHYHQWV
SURYHPRUHGLI¿FXOWWRWUDFHLQ8(DVWUDGLWLRQDOO\QDQQRIRVVLOPDUNHUWD[DIURPWKHZDUPZDWHU
JHQXV'LVFRDVWHUDUHXVHGWRGLYLGHWKH3OLRFHQH(DUO\3OHLVWRFHQH!0D7KHLUSDXFLW\RXWVLGH
ORZODWLWXGHUHJLRQVKRZHYHUOLPLWVWKHLUVWUDWLJUDSKLFDOYDOXHLQDPLGKLJKODWLWXGHORFDWLRQVXFKDVVLWH
8(¶1FI6DWRHWDO7KUHH'LVFRDVWHUDJHPDUNHUV'EURXZHUL'WULUDGLDWXV
DQG'VXUFXOXVDUHREVHUYHGLQWKH&KDOOHQJHU0RXQGUHFRUGPEVIDOWKRXJKRQO\LQ
VSRUDGLFRFFXUUHQFHVDQGRIWHQSRRUO\SUHVHUYHG6XSSOHPHQWDU\7DEOH67&RQVLGHULQJWKLVDQGJLYHQ
WKHFRPPRQRFFXUUHQFHRIUHZRUNHG3OLRFHQH±&UHWDFHRXVQDQQRIRVVLOV7DEOH67DQGWKHRYHUDOO
KLJKO\G\QDPLFVHGLPHQWDU\HQYLURQPHQWRIWKH&KDOOHQJHU0RXQG7KLHUHQVHWDOLWFDQQRWEH
H[FOXGHGWKDW8('LVFRDVWHURFFXUUHQFHVDUHWKHUHVXOWRIUHZRUNLQJ7KHUHIRUH'LVFRDVWHUVSS
DUHQRWFRQVLGHUHGWRSURYLGHUHOLDEOHDJHGDWXPVLQWKLVVWXG\,QJHQHUDOGXHWRSRWHQWLDOUHZRUNLQJ
LVVXHVDOOORZDEXQGDQFHRFFXUUHQFHVVKRXOGEHLQWHUSUHWHGZLWKJUHDWFDXWLRQ)RUDVLPLODUUHDVRQ
Published in "4XDWHUQDU\6FLHQFH5HYLHZV±
which should be cited to refer to this work.
ht
tp
://
do
c.
re
ro
.c
h
7DEOH68(FDOFDUHRXVQDQQRIRVVLODQGSODQNWRQLFIRUDPLQLIHUELRVWUDWLJUDSKLFGDWXPV$JHPDUNHUVXVHG
WRFRQVWUXFWWKLVVWXG\¶VLQWHJUDWHGVHGLPHQWVWUDWLJUDSK\DUHLQEROGGDWHVXVHGDUHPDUNHGZLWKDQDVWHULVN/2 
ODVWRFFXUUHQFH)2 ¿UVWRFFXUUHQFH/&2 ODVWFRQVLVWHQWRFFXUUHQFH)&2 ¿UVWFRQVLVWHQWRFFXUUHQFH)$2
 ¿UVWDEXQGDQWRFFXUUHQFH$OOGHSWKVDUHLQFRUUHFWHGPHWUHVEHORZVHDÀRRUPEVI
%
LR
VW
UD
WLJ
UD
SK
LF
G
DW
XP
W
KL
V
VW
XG
\
$
JH
0
D
D
$
JH
0
D
E
$
JH
0
D
F
$
JH
0
D
G
$
JH
0
D
H
8


(

GH
SW
K
P
EV
I
,2
'
3
(
[S



VD
P
SO
H
FR
GH
&
RQ
¿G
HQ
FH
/2
(
P
LOL
DQ
LD
K
X[
OH
\L
SU
HV
HQ
W
SU
HV
HQ
W




8


(

+



KL
JK
)2
(
P
LOL
DQ
LD
K
X[
OH
\L







8


(

+



KL
JK
/2
3
VH
XG
RH
P
LOL
DQ
LD
OD
FX
QR
VD








8


(

+



KL
JK
/2
3
VH
XG
RH
P
LOL
DQ
LD
OD
FX
QR
VD
!

P









8


(

+



KL
JK
/2
&
UH
QD
OLW
KX
V
DV
DQ
RL
!


P









8


(

+



P
RG
HU
DW
H
/&
2
&
UH
QD
OLW
KX
V
DV
DQ
RL








8


(

+



P
RG
HU
DW
H
5
HH
QW
UD
QF
H
P
HG
LX
P
*
HS
K\
UR
FD
SV
D
!

P


)2
*
HS
K\
UR
FD
SV
D
VS










8


(

+



KL
JK
)2
&
UH
QD
OLW
KX
V
DV
DQ
RL
!


P









8


(

+



P
RG
HU
DW
H
)&
2
&
UH
QD
OLW
KX
V
DV
DQ
RL








8


(

+



P
RG
HU
DW
H
/2
+
HO
LF
RV
SK
DH
UD
V
HO
OLL









8


(

+



P
RG
HU
DW
H
/&
2
+
HO
LF
RV
SK
DH
UD
V
HO
OLL









8


(

+



P
RG
HU
DW
H
/2
&
DO
FL
GL
VF
XV
P
DF
LQ
W\
UH
L
!

P











8


(

+



KL
JK
)2
*
HS
K\
UR
FD
SV
D
RF
HD
QL
FD
!

P









8


(

+



P
RG
HU
DW
H
KL
JK
)2
*
HS
K\
UR
FD
SV
D
FD
UL
EE
HD
QL
FD
!

P









8


(

+



P
RG
HU
DW
H
KL
JK
/2
'
LV
FR
DV
WH
UW
ULU
DG
LD
WX
V








8


(

+



OR
Z

/2
'
LV
FR
DV
WH
UE
UR
XZ
HU
L











8


(

+



OR
Z

)$
2
H
QF
UX
VW
HG
1
HR
JO
RE
RT
XD
GU
LQ
D
SD
FK
\G
HU
P
D
VL
QL
VW
UD
OI








8


(

+



KL
JK
)2
J
HS
K\
UR
FD
SV
LG
a










8


(

+



P
RG
HU
DW
H
)2
*
OR
ER
UR
WD
OLD
LQ
ÀD
WD








8


(

+


KL
JK
/2
'
LV
FR
DV
WH
UV
XU
FX
OX
V








8


(

+



OR
Z

'
DW
XP
$









8


(

+



P
RG
HU
DW
H
D
5
DI
¿
HW
D
O



E
 G
H
.
DH
QH
OH
WD
O



F
 6
DW
R
HW
D
O



G
 5
LR



H
 :
HD
YH
UD
QG
&
OH
P
HQ
W



I %
HO
RZ



P
EV
I
VL
QL
VW
UD
OO\
F
RL
OH
G
1
S
DF
K\
GH
UP
D
RF
FX
UV
E
XW
S
UH
GR
P
LQ
DQ
WO\
LQ
LW
V
QR
Q
HQ
FU
XV
WH
G
IR
UP



OLN
HO
\
UH
Z
RU
NH
G
ht
tp
://
do
c.
re
ro
.c
h
ZHFRQVLGHU¿UVWFRQVLVWHQWRFFXUUHQFHVRIVSHFLHVJHQHUDWR\LHOGRYHUDOOPRUHUHOLDEOHDJHWLHSRLQWV
WKDQWKHLUORZDEXQGDQFHVSRUDGLFODVWRFFXUUHQFHVVHH7DEOH6
$WPEVI WKH5HWLFXORIHQHVWUDVSS±&RFFROLWKXVSHODJLFXVGRPLQDQFHVKLIW LQ
WKHQDQQRIRVVLODVVHPEODJHUHSUHVHQWVWKHµ'DWXP$¶HYHQW6DWRDQG.DPHR6DWRHWDO
$VGLVFXVVHGE\6DWRDQG.DPHR DQG6DWRHWDO  WKLVVSHFL¿F KLJKODWLWXGLQDOÀRUDO
DVVHPEODJHFKDQJHLVWKRXJKWWREHOLQNHGWRWKHVRXWKZDUGPLJUDWLRQRIPRVWQDQQRIRVVLOWD[DH[FHSW
WKHFROGZDWHUVSHFLHV&SHODJLFXVDVJODFLDWLRQVVWDUWHGWRLQWHQVLI\LQWKHKLJKODWLWXGLQDO1RUWKHUQ
+HPLVSKHUH'DWXP$LVFRUUHODWHGZLWKWKH/2RI'WDPDOLVDW0D6DWRDQG.DPHR6DWR
HWDODQGKDVEHHQUHFRJQLVHGLQWKH1RUWK$WODQWLF'6'3,2'36LWHV¶1DQG
8¶1EHVLGHVPXOWLSOH'6'32'3ORFDWLRQVLQWKH$UFWLF2FHDQ&KDQQHOOHWDO
6DWRDQG.DPHR6DWRHWDO+HQFHGHVSLWH WKH ODFNRIUHOLDEOH WUDGLWLRQDOQDQQRIRVVLO
PDUNHU WD[D IRU WKH /DWH3OLRFHQH±(DUO\3OHLVWRFHQH'DWXP$ VXJJHVWV WKHSUHVHQFHRI /DWH
3OLRFHQH!0DVHGLPHQWVLQWKHORZHUFDPRIWKH8(&KDOOHQJHU0RXQG
7KH 8( SODQNWRQLF IRUDPLQLIHU DVVHPEODJH FRQWDLQV WZR VLJQL¿FDQW (DUO\3OHLVWRFHQH
ELRHYHQWV DVVRFLDWHG ZLWK WKH )2 RI *ORERURWDOLD LQÀDWD  0D DQG WKH )$2 RI HQFUXVWHG
1HRJORERTXDGULQD SDFK\GHUPD V FD  0D LQ WKH WHPSHUDWHVXESRODU 1RUWK $WODQWLF 2FHDQ
:HDYHUDQG&OHPHQW7DEOH67KHWRSFDPRIWKH8(VHTXHQFHFDQWKHUHIRUHEH
SRVLWLRQHGLQWKH1SDFK\GHUPDVELRVWUDWLJUDSKLF]RQH0D±SUHVHQWZKLOHVHGLPHQWVEHWZHHQ
DQGPEVIGHPDUFDWHWKH*LQÀDWD]RQH±0DVHQVX:HDYHUDQG&OHPHQW
$VQRWDVLQJOHVSHFLPHQRI1HRJORERTXDGULQDDWODQWLFDVLQLVWUDORUGH[WUDOZDVREVHUYHGLQWKH
8(SODQNWRQLFIDXQDDOOVHGLPHQWVEHORZPEVIVKRXOGEHSODFHGLQWKHELRVWUDWLJUDSKLF*
EXOORLGHV]RQHZKLFKUDQJHVIURP0D)2*LQÀDWDWR±0D/21DWODQWLFD)ORZHU
:HDYHU DQG&OHPHQW  +HQFH WKH8( SODQNWRQLF IRUDPLQLIHU IDXQD LPSOLHV DPD[LPXP
(DUO\3OHLVWRFHQHDJHRI±0DIRUWKHEDVHRIWKH&KDOOHQJHU0RXQGVHGLPHQWVHTXHQFHFI
+XYHQQHHWDOIRU+ROH8&
6,QWHJUDWHGVHGLPHQWFKURQRVWUDWLJUDSK\
2YHUDOOWKHELRVWUDWLJUDSKLFGDWXPVLGHQWL¿HGLQWKLVVWXG\FRUUHODWHZHOOZLWKWKHVHGLPHQWEDVHG
VWUDWLJUDSKLFDOGDWDSURYLGHGE\)RXEHUWDQG+HQULHWDQG7KLHUHQVHWDO)LJ67DEOH
$WWKHWRSRIWKH8(VHTXHQFHWKHUDQJHRI(PLOLDQLDKX[OH\L0D±SUHVHQW5DI¿
HWDOFRQ¿UPVWKHVXEUHFHQWDJHRIWKHODWHVW&KDOOHQJHU0RXQGGHSRVLWVFI7KLHUHQVHWDO
ZKLOHWKHQDQQRIRVVLODJHPDUNHUVDWPEVI0DDQGPEVI0DVXSSRUW
WKHPDJQHWRVWUDWLJUDSKLFWLPHIUDPHSURSRVHGIRUWKHXSSHUSDUWRI8()LJ67KHVLJQL¿FDQW
QDQQRIRVVLO DJH GLIIHUHQFH EHWZHHQ WKH GHSRVLWV DW  PEVI FD  0D DQG WKRVH DW 
PEVI 0D )LJ67DEOH6 LQFRPELQDWLRQZLWK WKHFRQFHQWUDWLRQRIQDQQRIRVVLOELRHYHQWV LQ
WKHVDPSOHDWPEVI7DEOH6DJUHHVZLWKWKHSURSRVHGSUHVHQFHRIDFRQVLGHUDEOH µPRXQG
FULVLV¶ XQFRQIRUPLW\ DURXQG FD  PEVI 7KLHUHQV HW DO  0RUHRYHU WKH DJHV SURYLGHG E\
WKHELRVWUDWLJUDSKLFPDUNHUV IDOOZHOOZLWKLQ WKHDQDO\WLFDO OLPLWV RI WKH.DQRHW DO / SHUWXVD
VWURQWLXPLVRWRSHDJHVGHOLPLWLQJWKLVXQFRQIRUPLW\)LJ6$OVRLQWKHORZHUPRXQGVHTXHQFHXQLW
0 WKHPDJQHWRVWUDWLJUDSK\DQGELRVWUDWLJUDSK\SURYHJHQHUDOO\FRQVLVWHQW7KH)$2RIHQFUXVWHG
1SDFK\GHUPDVPDUNVWKHWRSRIWKH2OGXYDL&KURQZKLOHWKH)2RI*LQÀDWDLVUHFRJQLVHGEHWZHHQ
WKH2OGXYDLDQG5pXQLRQFKURQR]RQHV)LJ6FI/RXUHQVHWDO:HDYHUDQG&OHPHQW
7KH)2RIWKHJHQXV*HSK\URFDSVDDWPEVIIXUWKHUFRQ¿UPVWKHPLGORZHUH[WHQWRIWKH2OGXYDL
&KURQDVVXJJHVWHGE\5LR)LJ6
$PLQRUGLVFUHSDQF\H[LVWVEHWZHHQWKHWLPLQJDQGORFDWLRQRIWKH0D*LVOD(YHQWDVPDOO
SRVLWLYHLQFOLQDWLRQHYHQWREVHUYHGDWPEVI)RXEHUWDQG+HQULHWDQGWKDWRIWKH0D
QDQQRIRVVLODJHWLHSRLQWDWPEVI$PRUHVLJQL¿FDQWVWUDWLJUDSKLFDOGLYHUJHQFHDULVHVDWWKHEDVH
RIWKH8(PRXQGVHTXHQFHZKHUHGLIIHUHQWSUR[LHVVXJJHVWDJHVUDQJLQJIURPOHVVWKDQ0D
DEVHQFHRI1DWODQWLFD WRRYHU0D 'DWXP$QDQQRIRVVLOHYHQW VHH6HFWLRQ6+RZHYHU
EHVLGHVWKH5HWLFXORIHQHVWUDVSS±&SHODJLFXVQDQQRIRVVLOGRPLQDQFHVKLIW6HFWLRQ6ERWKWKH
VLJQL¿FDQWO\ ORZHU DEXQGDQFH RI ZDUPZDWHU SODQNWRQLF IRUDPLQLIHU WD[D DERYH FD  PEVI VHH
6HFWLRQDQG WKHSUHVHQFHRIPXOWLSOH LFHUDIWHG OD\HUVEHWZHHQDQGPEVI 7KLHUHQVHW
DOSURYLGHHYLGHQFHIRUDGLVWLQFWFRROLQJDQGJODFLDWLRQHYHQWDURXQG±PEVI+HQFH
ht
tp
://
do
c.
re
ro
.c
h
)LJXUH6,QWHJUDWHG8(&KDOOHQJHU0RXQGDJHPRGHO&RPSLODWLRQRIVHGLPHQWDQGFRUDOEDVHG
VWUDWLJUDSKLFDO WLHSRLQWV IRU WKH8(PRXQGVHTXHQFHDVGH¿QHG LQ WKLV VWXG\ >@7KLHUHQVHWDO
>@)RXEHUWDQG+HQULHWDQG>@.DQRHWDO6XEPRXQGVWUDWLJUDSKLFDOGDWDIURP>@
.DQRHWDODQG>@/RXZ\HHWDO>$@ SODQNWRQLFIRUDPLQLIHUELR]RQHVVHQVX:HDYHUDQG
&OHPHQW>%@ PDJQHWRVWUDWLJUDSKLFFKURQR]RQHV>&@ FKURQRVWUDWLJUDSKLFVXEVHULHVVHQVX
*LEEDUG HW DO  6HGLPHQWRORJLFDOO\GH¿QHG SRWHQWLDO XQFRQIRUPLWLHV 7KLHUHQV HW DO  DUH
DGGHGIRUUHIHUHQFH$OOGHSWKVDUHLQFRUUHFWHGPHWUHVEHORZVHDÀRRUPEVI
DOWKRXJKLWQHFHVVLWDWHVWKHUHHYDOXDWLRQRIWKH0DWX\DPD±*DXVVSDODHRPDJQHWLFWUDQVLWLRQZKLFK
FDQEHUHSRVLWLRQHGWRPEVI)RXEHUWSHUVFRPPLQGHSHQGHQWSDODHRFOLPDWLFHYLGHQFHIURP
ERWK WKHELRJHQLFDQGVLOLFLFODVWLFVHGLPHQW IUDFWLRQ LVSUHVHQW LQVXSSRUWRI WKH'DWXP$QDQQRIRVVLO
HYHQW7KHUHIRUH LQ WKLV VWXG\ D VOLJKWO\ ROGHU3OLRFHQH ! 0D DJH LV SURSRVHG IRU WKHEDVDO
&KDOOHQJHU0RXQGGHSRVLWV&RQVLGHULQJDOORWKHU8(VWUDWLJUDSKLFDOGDWDDQGJLYHQLWVLGHQWL¿FDWLRQ
LQQHLJKERXULQJ1RUWK$WODQWLFVLWHVRQHJWKH)HQL'ULIW:HDYHUDQG&OHPHQWDQGWKH*REDQ
6SXU3XMRODQG'XSUDWWKHDEVHQFHRI1DWODQWLFD/2DW±0DLQWKH(DUO\3OHLVWRFHQH
WR3OLRFHQH&KDOOHQJHU0RXQGGHSRVLWVLVSX]]OLQJ
2YHUDOODVYLVXDOLVHG LQ)LJXUH6 WKH LQWHJUDWHGDJHPRGHOSURSRVHG LQ WKLVVWXG\SURYLGHV
DUH¿QHGPXOWLSUR[\DJHHVWLPDWH IRU WKH8(VHGLPHQWVFRQVLVWHQWZLWK WKH.DQRHWDO 
FROGZDWHU FRUDO FKURQRORJ\2QO\ LQ WKH WRS FD PRI WKH FRUH VHGLPHQWGHULYHGDJHVDUHDW WKH
\RXQJHU HQG RI WKH FRUDO DJH UDQJH FD  ND \RXQJHU )LJ 6 +RZHYHU WKH 6U LVRWRSH
FKURQRORJLFDOXQFHUWDLQW\LQFUHDVHVVLJQL¿FDQWO\LQWKLVWLPHLQWHUYDO6HGLPHQWRORJLFDOO\GH¿QHGSRWHQWLDO
XQFRQIRUPLWLHV7KLHUHQVHWDO)LJ6FRXOGKRZHYHUQRWEHFRQ¿UPHGDVWKHLUWLPHVSDQLV
ht
tp
://
do
c.
re
ro
.c
h
PRVWOLNHO\WRRVKRUWWREHUHVROYHGE\WKHDJHPRGHO
5()(5(1&(6
&KDQQHOO-(7.DQDPDWVX76DWR76WHLQ5$OYDUHV=DULNLDQ&$0DORQH0-WKH([SHGLWLRQ
6FLHQWLVWV  3URFHHGLQJV RI WKH ,QWHJUDWHG 2FHDQ 'ULOOLQJ 3URJUDP 9ROXPH  &ROOHJH
6WDWLRQ 7; ,QWHJUDWHG 2FHDQ 'ULOOLQJ 3URJUDP 0DQDJHPHQW ,QWHUQDWLRQDO ,QF GRLLRGS
SURF
GH.DHQHO(6LHVVHU:*0XUDW$3OHLVWRFHQH&DOFDUHRXV1DQQRIRVVLO%LRVWUDWLJUDSK\DQGWKH:HVWHUQ
6DSURSHOV6LWHVWRDQG,Q5=DKQ0&&RPDV$.ODXV(GV3URFHHGLQJVRIWKH2FHDQ
'ULOOLQJ3URJUDP6FLHQWL¿F5HVXOWV&ROOHJH6WDWLRQ7;2FHDQ'ULOOLQJ3URJUDPSS±
)ORZHU%3'DWD5HSRUW3ODQNWRQLFIRUDPLQLIHUVIURPWKHVXESRODU1RUWK$WODQWLFDQG1RUGLF6HDVVLWHV
 DQG  ,Q0(5D\PR( -DQVHQ3%OXP7'+HUEHUW (GV3URFHHGLQJV RI WKH2FHDQ
'ULOOLQJ3URJUDP6FLHQWL¿F5HVXOWV&ROOHJH6WDWLRQ7;2FHDQ'ULOOLQJ3URJUDPSS
)RXEHUW $ +HQULHW -3  1DWXUH DQG VLJQL¿FDQFH RI WKH UHFHQW FDUERQDWH PRXQG UHFRUG WKH 0RXQG
&KDOOHQJHU&RGH6SULQJHU9HUODJ+HLGHOEHUJSS
*LEEDUG3/+HDG0-:DONHU0-&WKH6XEFRPPLVVLRQRQ4XDWHUQDU\6WUDWLJUDSK\)RUPDOUDWL¿FDWLRQ
RI WKH4XDWHUQDU\6\VWHP3HULRGDQG WKH3OHLVWRFHQH6HULHV(SRFKZLWK D EDVHDW 0D -RXUQDO RI
4XDWHUQDU\6FLHQFH
+XYHQQH9$,9DQ5RRLM''H0RO%7KLHUHQV02¶'RQQHOO5)RXEHUW$6HGLPHQWG\QDPLFVDQG
SDODHRHQYLURQPHQWDOFRQWH[WDWNH\VWDJHVLQWKH&KDOOHQJHUFROGZDWHUFRUDOPRXQGIRUPDWLRQ&OXHVIURP
VHGLPHQWGHSRVLWVDWWKHPRXQGEDVH'HHS6HD5HVHDUFK,
.DQR$ )HUGHOPDQ7*:LOOLDPV7+HQULHW -3 ,VKLNDZD7 .DZDJRH17DNDVKLPD& .DNL]DNL<
$EH.6DNDL6%URZQLQJ(//L;,2'3([S6FLHQWLVWV$JHFRQVWUDLQWVRQWKHRULJLQDQG
JURZWKKLVWRU\RIDGHHSZDWHUFRUDOPRXQGLQWKHQRUWKHDVW$WODQWLFGULOOHGGXULQJ,QWHJUDWHG2FHDQ'ULOOLQJ
3URJUDP([SHGLWLRQ*HRORJ\
/RXZ\H6)RXEHUW$0HUWHQV.9DQ5RRLM',2'3([SVFLHQWL¿FSDUW\,QWHJUDWHGVWUDWLJUDSK\
DQGSDODHRHFRORJ\RIWKH/RZHUDQG0LGGOH0LRFHQHRI3RUFXSLQH%DVLQ*HRORJLFDO0DJD]LQH

/RXUHQV/-$QWRQDUDNRX$+LOJHQ)-9DQ+RRI$$09HUJQDXG*UD]]LQL&=DFKDULDVVH:-
(YDOXDWLRQRIWKH3OLR3OHLVWRFHQHDVWURQRPLFDOWLPHVFDOH3DOHRFHDQRJUDSK\
2NDGD+%XUN\'6XSSOHPHQWDU\PRGL¿FDWLRQDQG LQWURGXFWLRQRIFRGHQXPEHUV WR WKH/RZ/DWLWXGH
&RFFROLWK%LRVWUDWLJUDSK\=RQDWLRQ%XNU\0DULQH0LFURSDOHRQWRORJ\
3XMRO&'XSUDW-4XDWHUQDU\DQG3OLRFHQHSODQNWRQLFIRUDPLQLIHUVRIWKH1RUWKHDVWHUQ$WODQWLF*REDQ
6SXU'HHS6HD'ULOOLQJ3URMHFW/HJ,Q3&*UDFLDQVN\&:GH3RDJHWDO(GV,QLW5HSWV'6'3
:DVKLQJWRQ86*RYW3ULQWLQJ2I¿FHSS
5DI¿ , %DFNPDQ - )RUQDFLDUL ( 3lOLNH+5LR' /RXUHQV /+LOJHQ ) $ UHYLHZRI FDOFDUHRXV
QDQQRIRVVLODVWURELRFKURQRORJ\HQFRPSDVVLQJWKHSDVWPLOOLRQ\HDUV4XDWHUQDU\6FLHQFH5HYLHZV

5LR'7KHIRVVLOGLVWULEXWLRQRI&RFFROLWKRSKRUH*HQXV*HSK\URFDSVD.DPSWQHUDQGUHODWHG3OLR3OHLVWRFHQH
&KURQRVWUDWLJUDSKLFSUREOHPV,Q:/3UHOO-9*DUGQHUHWDO(GV,QLW5HSWV'6'3:DVKLQJWRQ
86*RYW3ULQWLQJ2I¿FHSS
6DNDL6.DQR$$EH.2ULJLQJODFLDOLQWHUJODFLDOUHVSRQVHVDQGFRQWUROOLQJIDFWRUVRIDFROGZDWHUFRUDO
PRXQGLQ1($WODQWLF3DOHRFHDQRJUDSK\3$GRL3$
6DWR7.DPHR.3OLRFHQHWR4XDWHUQDU\FDOFDUHRXVQDQQRIRVVLOELRVWUDWLJUDSK\RIWKH$UFWLF2FHDQZLWK
UHIHUHQFHWRODWH3OLRFHQHJODFLDWLRQ3URFHHGLQJVRIWKH2FHDQ'ULOOLQJ3URJUDP6FLHQWL¿F5HVXOWVY

6DWR7<XJXFKL67DND\DPD7.DPHR.'UDVWLFFKDQJHLQWKHJHRJUDSKLFDOGLVWULEXWLRQRIWKHFROG
ZDWHU QDQQRIRVVLO&RFFROLWKXV SHODJLFXV :DOOLFK 6FKLOOHU DW 0D LQ WKH ODWH 3OLRFHQH ZLWK VSHFLDO
UHIHUHQFHWRJODFLDWLRQLQWKH$UFWLF2FHDQ0DULQH0LFURSDOHRQWRORJ\
7KLHUHQV03LUOHW+&ROLQ&/DWUXZH.9DQKDHFNH)/HH-56WXXW-%7LWVFKDFN-+XYHQQH9$,
'RUVFKHO%:KHHOHU$-+HQULHW-3,FHUDIWLQJIURPWKH%ULWLVK,ULVKLFHVKHHWVLQFHWKHHDUOLHVW
3OHLVWRFHQHPLOOLRQ\HDUVDJRLPSOLFDWLRQVIRUORQJWHUPPLGODWLWXGLQDOLFHVKHHWJURZWKLQWKH1RUWK
$WODQWLFUHJLRQ4XDWHUQDU\6FLHQFH5HYLHZV
7KLHUHQV07LWVFKDFN-'RUVFKHO%+XYHQQH9$,:KHHOHU$-6WXXW-%2¶'RQQHOO57KH
0DGHSRVLWLRQDO VHTXHQFH IURP WKH&KDOOHQJHUFROGZDWHUFRUDO FDUERQDWHPRXQG ,2'3([S
6HGLPHQWFRQWULEXWRUVDQGK\GURG\QDPLFSDODHRHQYLURQPHQWV0DULQH*HRORJ\
:HDYHU3(&OHPHQW%06\QFKURQHLW\RI3OLRFHQHSODQNWRQLFIRUDPLQLIHUDOGDWXPVLQWKH1RUWK$WODQWLF
0DULQH0LFURSDOHRQWRORJ\
ht
tp
://
do
c.
re
ro
.c
h
